Poly(ferulic acid-co-tyrosine): Effect of the regiochemistry on the photophysical and physical properties, en route to biomedical applications.
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Scheme S1. Schematic reprensentation of the monomers. Table S1 . Properties of the polymers under investigation, and their schematic representation.

Steady-state fluorescence spectroscopy in solution. Figure S1 . Absorbance, excitation, and emission spectra of L-tyrosine ethyl ester (a), FA (b), 1:1 mixture of L-tyrosine ethyl ester and FA (c), monomer AA' (d), and dimer A'A-AA' (e). Figure S2 . Absorbance, excitation, and emission spectra of polymers P(AA') (a), P(A'AAA') (b), R 2 (c), R 1 (d), R 2 S (e), and P S (A'AAA') (f).
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Regiorandom polymer R S 2 , and regioregular polymer P S (A'AAA').
Synthesis of regiorandom polymer R 2 S .
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Synthesis of polymer P S (A'AAA').
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Fluorescence analysis.
S6-7
Figure S3
. 13 C NMR spectra of monomer AA', polymers R 2 S and P S (A'AAA'). Figure S4 . 3D spectra for polymers P(A'AAA') (a), R 2 (b), P S (A'AAA') (c), R 2 S (d) and dimer A'A-AA' (e).
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S8
Comparison with DAPI and summary of the photophysical properties of the monomers and polymers under inverstigation. Figure S5 . Overlay of emission (at 339 nm) and excitation (at 427 nm) spectra for DAPI (dashed line) and regiorandom polymer R 2 (plain line). Table S2 . Summary of the UV-visible/fluorescent properties of L-tyrosine ethyl ester, FA, monomer AA', dimer A'A-AA', and polymers P(AA'), P(A'AAA'), R 1 , R 2 , R 2 S , and P S (A'AAA').
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Solid state characterization. Table S3 . Thicknesses of the solvent-casted polymers P(AA'), P(A'AAA'), R 1 and R 2 used for the nanomechanical measurements and confocal images. S10 Figure S6 . Determination of Young's modulus for PS standard, BPA PC, polymers P(AA'), P(A'AAA'), R 1 and R 2 . Table S4 . Summary of the value obtained by AFM for Young's modulus.
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S11
Figure S7. Polymers P(AA') (a), P(A'AAA') (b), R 1 (c) and R 2 (d) by confocal microscopy. S11 Figure S8 . Three colors wide field images of polymers P(AA') (a), P(A'AAA') (b), R 1 (c) and R 2 (d); insertions correspond to picture of each polymer in solid state under a DAPI filter. S12 Figure S9 . Emission intensity profiles of primary color (red, green and blue (R/G/B)) in each polymer (P(AA'), P(A'AAA'), R 1 and R 2 ), determined by wide field microscopy, and their relative intensities.
S12
Figure S10. Optical micrographs of a deionized water droplet on film of polymers P(AA') (a), P(A'AAA') (b), R 1 (c) and R 2 (d), and BPA PC (e). S13 Table S5 . Contact angles, surface free energies, and their average values for polymers P(AA'), P(A'AAA'), R 1 and R 2 , and BPA PC.
S13
Figure S11. Emission spectra (a), fluorescence lifetime in solid state (b), and in solution (c) for polymers P(AA'), P(A'AAA'), R 1 and R 2 .
Figure S12. Emission intensity profiles by confocal microscopy under excitation at 405 nm, and the relative emission intensity.
S14
Determination of the quantum yield for regiorandom polymer R 2 . Table S6 . Molar extinction coefficients, gradients, and quantum yields for 9,10-diphenylanthracene, and regiorandom polymer R 2 .
Figure S13. Absorbance spectra of 9,10-diphenylanthracene (a), and regiorandom polymer R 2 (b).
Figure S14. Fluorescent emission spectra of 9,10-diphenylanthracene (a), regiorandom S15 S3 polymer R 2 (b), integrated fluorescence intensity versus absorbance for 9,10-diphenylanthracene, and regiorandom polymer R 2 (c). Table S7 . Evaluation of the quantum yields for the different materials synthesized.
S16
Determination of the quantum yield for the regiorandom polymer R 2 and evaluation of the quantum yield of the other materials.
Figure S15. Absorbance spectra at different time at pH = 5 (a), pH = 7.4 (b) and pH = 12 (c).
Figure S16. Absorbance spectra at different time for each batch (A (a) and B (b)) at pH = 12 at 70 °C.
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Figure S17. SEC of the polymers (DMF, 0.05 M LiBr) for samples A (a), and B (b) after different times at pH = 12 at 70 °C. S17 Table S8 . Molecular weights and polydispersities during the full degradation study, as determined by SEC. S18 Table S9 . Mass Loss over time for Sample A, and B in PBS 1X at 37 °C. S18 Table S10 . Molar extinction coefficient, and maximum wavelength for FA, L-tyrosine ethyl ester, and monomer AA' at different pH.
S19
Synthesis of compound 3 from monomer AA'.
Treatment of the degradation media leading to compound 3.
Radical scavenging activity (antioxidant).
Figure S18. Evaluation of the linearity and stability of methanolic DPPH˙ solutions. UVvisible spectra at different concentrations (a), absorbance versus concentration at 517 nm (b).
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Figure S19. Chemical structure of (E)-N-(feruloyl)-L-tyrosine methyl ester (compound 4).
References S20 Figure S20 .
1 H (500 MHz), 13 C (125 MHz) NMR spectra for regiorandom polymer R 2 S in d 6 -DMSO. Figure S21 .
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1 H (500 MHz), 13 C (125 MHz) NMR spectra for polymer P S (A'AAA') in d 6 -DMSO. Figure S22 .
S22
1 H (500 MHz), 13 C (125 MHz) NMR spectra for compound 3 synthesized from monomer 8 in CD 3 OD. Figure S23 .
S23
1 H (500 MHz), 13 C (125 MHz) NMR spectra for compound 3 obtained from regiorandom polymer R 2 in CD 3 OD.
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I)
Structures and characteristics of the monomers, and polymers under investigation.
All monomers, and polymers (Scheme S1) have been described previously. 
Synthesis.
Synthesis of regiorandom polymer R 2
S
. To a solution of monomer AA' 1 (974.2 mg, 2.53 mmol) in pyridine (4.8 mL) at 0 °C was added dropwise diphosgene (0.17 mL, 1.39 mmol). The mixture was ventilated with a cartridge containing NaOH to quench fumes of phosgene. The reaction mixture was stirred at room temperature for 6 h, and was quenched with a saturated solution of NaHCO 3 . The product was extracted with CH 2 Cl 2 , dried over Na 2 SO 4 , and the 
Synthesis of polymer P S (A'AAA'). To a solution of dimer A'A-AA'
1 (339.9 mg, 0.43 mmol) in pyridine (1.65 mL) at 0 °C was added dropwise diphosgene (56 μL, 0.47 mmol). The mixture was ventilated with a cartridge containing NaOH to quench fumes of phosgene. The reaction mixture was stirred at room temperature for 30 min and was quenched with a saturated solution of NaHCO 3 . The product was an orange gel which was solubilized in warm DMF precipitated into MeOH three times, and dried under vacuum to give the desired product as a white/yellowish solid which follows a 
Fluorescence analysis.
In order to investigate the influence of the DP on the fluorescence properties, shorter polymers (one regioregular (P S (A'AAA')), and one regiorandom (R 2 S )) have been synthesized. In both cases, the 1 H and 13 C NMR spectra featured peaks present in the dimer (Figure S4 ). At first, this might look surprising knowing that both polymers have been precipitated in methanol from DMF, and that dimer A'A-AA' is well soluble in both solvents. Several other purifications methods were attempted without further success (precipitation in different solvents, fractional precipitation, dialysis against THF with MWCO from 3.5 kgmol -1 up to 12-14 kgmol -1 for up to S7 48 h, dialysis in DMF from 3.5 kgmol -1 up to 50 kgmol -1 for 72 h). Oligomers will conduct to well-defined signals for the chain-ends by NMR spectroscopy. As regiorandom polymer R 2 S , and regioregular polymer P S (A'AAA') were synthesized by polycondensation, a significant fraction of oligomers is most likely present in each samples. The 3D spectra of these two polymers were collected (Figure S5) , revealing both fingerprints of dimer A'A-AA', and polymers P(A'AAA') or R 2 . It was thus hypothesized that below a non-determined DP, oligomers possessed, in fluorescence, a fingerprint similar to dimer A'A-AA'. 
IV)
Comparison with DAPI and summary of the photophysical properties of the monomers and polymers under inverstigation. and regiorandom polymer R 2 (plain line). Figure S8 . Three colors wide field images of polymers P(AA') (a), P(A'AAA') (b), R 1 (c) and R 2 (d); insertions correspond to picture of each polymer in solid state under a DAPI filter. Figure S9 . Emission intensity profiles of primary color (red, green and blue (R/G/B)) in each polymer (P(AA'), P(A'AAA'), R 1 and R 2 ), determined by wide field microscopy, and their relative intensities.
Polymer P(A'AAA')
Polymer R 2 Polymer R 1 Figure S10 . Optical micrographs of a deionized water droplet on film of polymers P(AA') (a), P(A'AAA') (b), R 1 (c) and R 2 (d), and BPA PC (e). Polymer R 1
85° ± 2
Polymer P(A'AAA')
90° ± 0.1
Polymer R 2
90° ± 2
Polymer P(AA') Figure S12 . Emission intensity profiles by confocal microscopy under excitation at 405 nm, and the relative emission intensity.
VI)
9,10-Diphenylanthracene is a standard with an excitation spectrum similar to the one of the regiorandom polymer R 2 , and the same range of emission. 2 At an excitation wavelength of 355 nm, 9,10-diphenylanthracene possesses a quantum yield (Φ) of 0.97 ± 0.03 in cyclohexane. 3 In order to have consistency and comparable results, the same wavelength was used to determine the quantum yield of regiorandom polymer R 2 .
Molar extinction coefficients were determined at 355 nm for 9,10-diphenylanthracene, and regiorandom polymer R 2 in cyclohexane, and DMF respectively, (Table S6 ) from the absorbance spectra reported Figure S13 . Table S6 . Molar extinction coefficients, gradients, and quantum yields for 9,10-diphenylanthracene, and regiorandom polymer R 2 . The fluorescence emission spectra at 355 nm were recorded for both of these compounds ( Figure S14 ). The graph of integrated fluorescence intensity versus absorbance was then fitted to the first order (gradient reported in Table S6 ). The following equation was used to determine the quantum yield of regiorandom polymer R 2 :
Where sample refers to regiorandom polymer R 2 , standard to 9,10-diphenylanthracene, Grad to gradient, and η to the refractive index (1.42623 for cyclohexane and 1.43047 for DMF).
4
Figure S14. Fluorescent emission spectra of 9,10-diphenylanthracene (a), regiorandom polymer R 2 (b), integrated fluorescence intensity versus absorbance for 9,10-diphenylanthracene, and regiorandom polymer R 2 (c).
A quantum yield of 5.5 % was obtained for regiorandom polymer R 2 , as reported in Table S6 .
The quantum yield of the other materials was estimated by comparison of the wavelength integrated intensity of the material to that of the regiorandom polymer R 2 , using the following equation:
where Φ is the quantum yield, I is the integrated emissive intensity, Abs is the absorbance, n is the refractive index, sample refers to the two materials studied and reference corresponds to the regiorandom polymer R 2 . The quantum yield is mostly independent of the excitation wavelength; consequently, it was evaluated at 339 nm for these materials while the quantum yield of regiorandom polymer R 2 was determined at 355 nm. All experiments were realized at a concentration (of the repeat unit) of 5.2×10 -6 M, in analytical grade DMF.
According to the results obtained in Figure 3 (a) reported in the manuscript, regiorandom polymer R 2 is the most fluorescent, followed by P(A'AAA') and then by P(AA'). A similar trend was observed by evaluating the quantum yield for these two materials recorded at 339 nm ( Table S7) . As expected, the quantum yield obtained for the two shorter polymers (R 2 S and
(A'AAA')) was lower than for the corresponding longer ones (R 2 and P S (A'AAA'), respectively). Finally, dimer A'A-AA' and regiorandom polymer R 1 possess a quantum yield lower than polymers P(A'AAA'), P(AA') or regiorandom polymer R 2 , which correlates well with the visual evaluation. 
VII) Degradation study of regiorandom polymer R 2 .
Due to the hydrophobic nature of polymer regiorandom polymer R 2 , the degradation was performed in the solid state. Pellets were molded as described in the experimental part.
Preliminary study. In a vial containing 5 mL of a buffer solution (acetate (pH = 5), PBS 1X (pH = 7.4), and carbonate (pH = 12)) at 70 °C, was introduced a pellet. At timed intervals, 0.6 mL was removed via a syringe, analyzed by UV-Visible, and reintroduced in the media. When the signal started saturating, dilutions were made to allow for a reliable measurement. Figure S15 represents A = f(λ), which were integrated between 300-375 nm (pH = 5), 275-375 nm (pH = 7.4), 275-450 nm (pH = 12) to determine the area under the curve. This area was normalized for all samples, setting the maximum of integrated absorbance of the sample at pH = 12 (fully degraded) as 100 %. Results are reported Figure 5 (a) in the manuscript. 
S17
Degradation study. Two full degradations studies (monitoring, in addition to the UV-Visible, the mass loss, and the M n of the polymer in the pellet) were performed, one at pH = 12 at 70 °C, and the other one at pH = 7.4 at 37 °C. pH = 12, 70 °C
The study was performed under nitrogen in nine independent vials, and in duplicate, to avoid batch to batch error. To eighteen glass vials containing each a sample pellet was added 5 mL of NaHCO 3 /Na 2 CO 3 buffer (pH = 12). The vials were heated at 70 °C in a thermostatized oil bath, and removed two at a time after predetermined intervals. The pellets were washed with distilled water and dried under vaccum at 45 °C for 3 to 4 h. The pellets were weighed and stored for future analysis by DMF SEC. The absorbance spectra were recorded for each solution of each batch, and when necessary, dilutions were applied and corrected in the spectrum as reported Figure S16 . The area under the curve was integrated (275-450 nm), and normalized considering that the fully degraded pellets would give 100% of absorbance. The pellets were solubilized in DMF, and analyzed by DMF SEC. Figure S17 highlights the degradation over time. pH = 7.4, 37 °C Prepared as described above, 2 pellets were placed in a separate vials with 5 mL of PBS 1X at 37 °C. At timed intervals, 0.6 mL of solution was removed from each vial, analyzed by UV-visible, and put back in the degradation mixture. At the same time, the pellets were washed with nanopure water and dried under vaccum at 45 °C for 3 to 4 h before being weighed. No absorbance peak was detected over time suggesting minimal degradation, if any. This result was further confirmed by the low mass loss observed, within experimental error range (Figure 5 (c) and Table S9 ). Determination of the final product.
In order to evaluate the behavior of regiorandom polymer R 2 in different media, and determine the potential degradation products, monomer AA', L-tyrosine ethyl ester, and FA were stirred S19 separately in each buffer at room temperature for 1 h, and were then analyzed by UV-Visible (Table S10) . Treatment of the degradation media leading to compound 3. After complete degradation of a pellet (14.0 mg, 0.034 mmol), the solvent was removed. Water and AcOEt were added. The aqueous layer was extracted 3 times with AcOEt before being acidified to pH = 2 with AcOH (at 0 °C). The desired product was extracted with AcOEt (3 times). The solvent was removed, affording compound 3 (9 mg, 0.03 mmol, 74%).
VIII) Radical scavenging activity (antioxidant).
6,7
-Stability and linearity of the methanol DPPH˙ solution.
Methanolic solutions of DPPH˙ (ranging between 5.95.10 -4 M and 9.10 -6 M) were stirred at room temperature in the dark for 2 h. The absorbance spectra were recorded (Figure S19 (a) ) and the S20 absorbance value versus the concentration was plotted, confirming the linearity and the stability of the methanolic DPPH˙solutions in that range (Figure S18 (b) ). Figure S18 . Evaluation of the linearity and stability of methanolic DPPH˙ solutions. UV-visible spectra at different concentrations (a), absorbance versus concentration at 517 nm (b).
-Reaction time evaluation.
In order to evaluate the time necessary to reach the steady state, methanolic solutions of monomer AA', compound 3 and FA (4.95.10 -4 M) were prepared. 0.1 mL of each samples were reacted with 3.9 mL of methanolic solution of DPPH˙ (2.10 -4 M). The UV-Visible absorbance was monitored at 517 nm at timed intervals for each solutions. The absorbance versus time is reported Figure 7 (a) . The steady state was reached within 45 min.
The antixoydant properties were evaluated after 1.5 h of reaction since the steady state was clearly reached, and the DPPH˙ concentration was stable during that time. 
